Single valued trapezoidal neutrosophic numbers (SVTNNs) are very useful tools for describing complex information, because of their advantage in describing the information completely, accurately and comprehensively for decision-making problems. In the paper, a method based on SVTNNs is proposed for dealing with multi-criteria group decision-making (MCGDM) problems. Firstly, the new operations SVTNNs are developed for avoiding evaluation information aggregation loss and distortion. Then the possibility degrees and comparison of SVTNNs are proposed from the probability viewpoint for ranking and comparing the single valued trapezoidal neutrosophic information reasonably and accurately. Based on the new operations and possibility degrees of SVTNNs, the single valued trapezoidal neutrosophic power average (SVTNPA) and single valued trapezoidal neutrosophic power geometric (SVTNPG) operators are proposed to aggregate the single valued trapezoidal neutrosophic information. Furthermore, based on the developed aggregation operators, a single valued trapezoidal neutrosophic MCGDM method is developed. Finally, the proposed method is applied to solve the practical problem of the most appropriate green supplier selection and the rank results compared with the previous approach demonstrate the proposed method's effectiveness.
Introduction
Multi-criteria decision-making (MCDM) problems are important issues in practice and many MCDM methods have been proposed to deal with such issues. Due to the vagueness of human being thinking and the increased complexity of the objects, there are always much uncertainty, incomplete, indeterminate and inconsistent information in evaluating objects. Traditionally, vagueness information is always described by fuzzy sets (FSs) [1] using the membership function, intuitionistic fuzzy sets (IFSs) [2] using membership and non-membership functions and hesitant fuzzy sets (HFSs) [3] using one/several possible membership degrees. Many fuzzy methods are proposed, for example, Medina [4] extends the fuzzy soft set by Multi-adjoint concept lattices, Pozna & Precup [5] proposed the operator and application to a fuzzy model, Jane et al. [6] proposed fuzzy S-tree for medical image retrieval and Kumar & Jarial [7] proposed a hybrid clustering method based on an improved artificial bee colony and fuzzy c-means algorithm. However, fuzzy sets cannot deal with degrees has been ignored and the indeterminate-membership degree is regarded to be equal to falsity-membership degree in these operators, which will lead to information distortion and loss. Meanwhile, it does not take into account the information about the relationships among the assessment information being aggregated, which always exists in the process of solving MCDM problems. To overcome this shortcoming, motivated by the ideal of power aggregation operators [45, 46] , considering the relationship among the information being aggregated and the possibility degree widely used as a very useful tool to aggregate and rank uncertain data from the probability viewpoint, in this paper we propose the possibility degrees of SVTNNs, single trapezoidal neutrosophic power average (SVTNPA) and single valued trapezoidal neutrosophic power geometric (SVTNPG) operators to deal with MCGDM problems. The prominent characteristics of these proposed operators are taking into account relationship among the aggregation information and overcome the drawbacks of the existing operator of SVTNNs. Then, we utilize these operators and possibility degrees to develop a novel single valued trapezoidal neutrosophic MCGDM method.
The motivation and main attribution of the paper are presented as below:
(1) The novel operation laws of SVTNNs are conducted to overcome the lack of operation laws of SVTNNs appeared in previous paper. (2) Based on the novel operations of SVTNNs, the SVTNPA and SVTNPG operators are developed. (3) Based on the concept of the possibility degree, the possibility degree of SVTNNs is defined and presented. (4) Based on possibility degree of SVTNNs, SVTNPA and SVTNPG operators, a novel method for solving MCGDM problems under single trapezoidal neutrosophic environment is developed.
The rest of the paper is organized as follows. In Section 2, we introduce some basic concepts and operators related to subsets of NS. In Section 3, we propose new operations, possibility degrees and comparison of SVTNNs. SVTNPA and SVTNPG operators are developed in Section 4. The method for solving MCGDM problems under single trapezoidal neutrosophic environment is developed in Section 5. An illustrative example for selecting the most appropriate green supplier for Shanghai General Motors Company is provided in Section 6. Meanwhile a comparison with other method is presented to show the effectiveness of the proposed approach. Finally, conclusions are drawn in Section 7.
Preliminaries
In this section, some basic concepts, definitions of SVTNNs and two aggregation operators are introduced, which are laying groundwork of latter analysis. The neutrosophic set needs to be specified from a technical point of view, otherwise it is difficult to apply in the real scientific and engineering areas. Therefore, Wang et al. [13] proposed the concept SVNS as an instance of neutrosophic set for easily operating and conveniently applying in practical issues.
NS and SVNS

Definition 1 ([14]). Let X be a space of points (objects), with a generic element in X denoted by x . A NS
A in X is characterized by three membership functions, namely truth-membership function
Definition 2 ([13]). Let X be a space of points (objects). A SVNS A in X can be expressed as follows:
Obviously, the sum of 
Because of the great validity and feasibility of trapezoidal fuzzy numbers and SVNSs in decision-making problems, Ye [44] developed the SVTNNs by combining the two concepts. 
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, where a and b are two positive real numbers.
New Operations and Comparison of SVTNNs
In this section, new operations and comparison method of SVTNNs are proposed for overcoming the limitations in Reference [44] which can avoid information loss and distortion effectively.
The New Operations of SVTNNs
In order to aggregate different SVTNNs in decision-making process, Ye [44] defined the operations of SVTNNs.
Definition
([44]). Let
    1 2 3 4 , , , , ( ), ( ), ( ) a a a a T I F      and     1 2 3 4 , , , , ( ), ( ), ( ) b b b b T I F      be two positive SVTNNs, 1 2 3 4 0 1 a a a a      , 1 2 3 4 0 1 b b b b      , 0   .
Then the operations of SVTNNs can be defined as follows:
(1)       1  1  2  2  3  3  4  4 , , ,
However, there are some shortcomings in Definition 7.
(1) The trapezoidal fuzzy numbers and three membership degrees of SVTNNs are considered as two separate parts and operated individually in the operation    , which ignore the correlation among them and cannot reflect the actual results. (2) The three membership degrees of SVTNNs are also operated as the trapezoidal fuzzy numbers in the operation  , which can produce the repeat operation and make the result bias. 
 
The three membership degrees of these SVTNNs are operated repeatedly which make the result distort significantly and conflict with common sense.
For overcoming the limitations existing in the operations proposed by Ye [44] , motivated by the operations on triangular intuitionistic fuzzy numbers proposed by Wang et al. [48] , new operations of SVTNNs are defined as below. 
, where Compared with the operations proposed by Ye [44] , the new operations of SVTNNs have some excellent advantages on reflecting the effect of all truth, indeterminacy and falsity membership degrees of SVTNNs on aggregation results and taking into account the correlation of the trapezoidal fuzzy numbers and three membership degrees of SVTNNs, which can avoid information loss and distortion effectively.
In terms of the corresponding operations of SVTNNs, the following theorem can be easily proved. (1)
The Possibility Degree
The possibility degree, which is proposed from the probability viewpoint, is a very useful tool to rank uncertain data reasonably and accurately. 
is an arbitrary interval or number,
Based on the concept of the possibility degree, the possibility degree of two arbitrary positive SVTNNs is presented.
be two positive SVTNNs, 
where the value of 
Then the following properties must be true.
Now we prove the property (2), the proofs of other properties are similar to the proof the property (2), thus, they are omitted.
Proof.
Let 
The proof of the property (2) is completed now.
The Comparison Method of SVTNNs
In this subsection, based on the concept of the possibility degree of two arbitrary positive SVTNNs defined in Definition 9, the new comparison method for two SVTNNs is presented.
For comparing different SVTNNs in decision-making process, Ye [44] defined the score function and comparison of SVTNNs. 
However, the score function is operated by assuming that the parameters of trapezoidal fuzzy numbers own same weight, which cannot reflect the different importance for the four parameters of a trapezoidal fuzzy number and make aggregating result bias. 
We cannot compare these two SVTNNs using the above function but it is easy to know that
Meanwhile, the function operates the indeterminacy-membership degree as like the false-membership degree, which does not take the preference of decision-makers into consideration. 
 is superior to  .
. When using the data of Example 4 and the following can be obtained.
When using the data of Example 5 and the following can be obtained.
Thus, the results of the above two examples are consistent with our common sense. Because the score function can overcome the shortcoming existing in Reference [44] by calculating the indeterminacy-membership degree by taking into account the preference of decision-makers, the results are more grounded in reality than the results obtained by using the score degree proposed by Ye [44] .
Single Valued Trapezoidal Neutrosophic Power Aggregation Operators
In this section, the SVTNPA and SVTNPG operators based on the new operations of SVTNNs are developed. ( Proof. According to Definition 8, the aggregated result is also a positive SVTNN. Therefore, Theorem 3 can be easily proven by using a mathematical induction on n .
(1) For 
  , by the operations described in Definition 10, we have
According to (1) and (2), we can get Theorem 3 hold for any n . 
, , , ) 
The proof of Theorem 5 can refer to Theorem 3. 
The proof of Theorem 6 can refer to Theorem 4.
A MCGDM Method Based on Possibility Degree and Power Aggregation Operators under Single Valued Trapezoidal Neutrosophic Environment
In this section, the possibility degrees of SVTNNs, single trapezoidal neutrosophic power weighted aggregation operators are applied to MCGDM problems single valued trapezoidal neutrosophic information.
For a MCGDM problems with single valued trapezoidal neutrosophic information, assume that the set of alternatives is Step 1. Normalize the decision matrices.
Normalize the decision-making information Step 2. Aggregate the values of alternatives on each criterion to get the collective SVTNNs.
Based on the Definitions 12 or 13, the collective SVTNNs ij  or ij   can be gotten by SVTNPA or SVTNPG operator, the aggregation values of decision-makers on each alternative are as follows:
Then the collective preference matrix ( )
can be obtained.
Step 3. Aggregate the values of alternative on each decision-maker to get the overall SVTNNs.
Based on the Definitions 12 or 13, the overall SVTNNs ij  or ij   can be gotten by SVTNPA or SVTNPG operator, the aggregation values of alternative on each decision-maker are as follows:
Then the coverall preference matrix
Step 4. Calculate the possibility degrees of the assessment values of each alternative superior than other alternatives' values.
Based on Definition 9, the possibility degrees of
Step 5. Calculate the collective possibility degree index of each alternative to derive the overall values of the alternatives.
Aggregate U or U  to get the overall possibility degree index ( ) by using the following functions:
Then the overall possibility degree index matrix
Step 6. Rank the alternatives and select the best one.
According to the results obtained in Step 5, rank the alternatives by the overall values in descending order and the first order alternative is the best.
Illustrative Example
In this section, a green supplier selection problem is used to illustrate the validity and effectiveness of the developed method.
Background
The following case background is adapted from [51] . In recent years, more and more people pay attention the serious environmental problems caused badly by the rapid economic development of all over the world. The green supply chain management becomes imperative under this situation because of its advantages on the sustainable development of economics and protection of environment. Meanwhile, it can bring tremendous economic benefit and competitive strengthen for the enterprises.
Motivated by the advantages of green supply chain management, Shanghai General Motors (SGM) Company wants to select the most appropriate green supplier as its cooperative alliance. After pre-evaluation, four suppliers become the final alternatives for further evaluation, including 
The Procedures of Single Valued Trapezoidal Neutrosophic MCGDM Method
The proposed MCGDM method is used for determining the ranking of the green suppliers.
Step 1. Normalize the decision matrices.
The four criteria ( 1, 2, 3, 4) j C j  are regarded as the benefit-type criterion, so the decision matrices change nothing.
Step 2. Aggregate the values of the four alternatives on each criterion to get the collective SVTNNs.
Use the SVTNPA or SVTNPG operator to aggregate the values of four alternatives on each criterion, the collective SVTNNs are obtained shown in P and P  . 
Step 3. Aggregate the values of the four alternatives on each green supplier to get the overall SVTNNs by using the SVTNPA or SVTNPG operator.
The coverall preference matrix shown in K or K  . 
Comparison Analysis and Discussion
In order to validate the accuracy of the proposed single valued trapezoidal neutrosophic MCGDM method, a comparative study is conducted based on the illustrative example in this paper and the method used for comparison was proposed by Ye [44] .
When resolving the above example using the approach described in Reference [44] , which involves the use of t trapezoidal neutrosophic weighted arithmetic averaging (TNWAA) operator or trapezoidal neutrosophic weighted geometric averaging (TNWGA) operator with known weights to comprehensively analyze green suppliers, the weights of the decision-makers and criteria can be generated using the PA operator ( 
The collective values of the four green suppliers can also be obtained by using the TNWAA operator as the matrix U or the matrix U  by using the TNWGA operator. Table 1 . Table 1 , it can be seen results of the ranking on the four green suppliers obtained by the proposed single trapezoidal neutrosophic MCGDM method in this paper is quite different from that the ranking obtained by the method introduced in Reference [44] . The main reasons are summarized as follows.
(a) The new operations of SVTNNs defined in this paper, which take the conservative and reliable principle, can take account of the correlation between trapezoidal fuzzy numbers and three membership degrees of SVTNNs. However, the operations in Reference [44] divide the trapezoidal fuzzy numbers and three membership degrees of SVTNNs into two parts and calculate them separately, which make aggregating results deviate from the reality. (b) The new comparison of SVTNNs proposed in this paper has some crucial advantages over comparison of SVTNNs based on the score degree function in Reference [44] , which can take the preference of decision-makers into consideration. (c) The relationship among the aggregation information, which exists in the aggregation process of in practical MCDM problems, is ignored [44] . Whereas, the SVTNPA and SVTNPG operators, which can effectively take the relationship among the assessment information being aggregated into consideration and in this paper, the advantages of the possibility degree of SVTNNs are combined to rank the uncertain information reasonably and accurately from the probability viewpoint. Hence, the ranking result of this paper is more objective and reasonable than that obtained by using the operators in Reference [44] .
Conclusions
In order to improve the reasonability and effectiveness of the methods on dealing with single valued trapezoidal neutrosophic MCGDM problems, also overcome the limitations of the existing approaches. In this paper, a single valued trapezoidal neutrosophic MCGDM method is proposed form the possibility degree of SVTNNs and the single valued trapezoidal neutrosophic power aggregation operators. Firstly, the new operations of SVTNNs are proposed for avoiding information loss and distortion, the possibility degrees of SVTNNs are proposed from the probability viewpoint. Based on the proposed operations and possibility degrees, SVTNPA and SVTNPG operators are proposed. Furthermore, a single valued trapezoidal neutrosophic MCGDM method based on SVTNPA, SVTNPG operator and the possibility degrees of SVTNNs is developed. The prominent advantages of the proposed method are not only its ability to effectively deal with the preference information expressed by SVTNNs but also the consideration of the relationship among the information being aggregated in the process on dealing with the practical MCGDM problems and the advantage of the possibility degrees of SVTNNs, which can avoid information loss and distortion, is combined. Thus, the final results are more scientific and reasonable. Finally, the method is applied to a practical problem on selecting the most appropriate green supplier for SGM Company, meanwhile, the comparison with other method is carried on and demonstrates its feasibility and effectiveness in dealing with MCGDM problems.
In future research, the developed method will be extended to other domains, such as personnel selection and medical diagnosis.
